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(57) ABSTRACT

A collector region is formed between insulating shallow
trench isolation regions within a substrate. A base material is
epitaxially grown on the collector region and the shallow
trench isolation regions. The base material forms a base
region on the collector region and extrinsic base regions on
the shallow trench isolation regions. Further, a sacrificial
emitter structure is patterned on the base region and sidewall
spacers are formed on the sacrificial emitter structure. Planar
raised base structures are epitaxially grown on the base region
and the extrinsic base regions, and the upper layer of the
raised base structures is oxidized. The sacrificial emitter
structure is removed to leave an open space between the
sidewall spacers and an emitter is formed within the open
space between the sidewall spacers. The upper layer of the
raised base structures comprises a planar insulator electri-
cally insulating the emitter from the raised base structures.

17 Claims, 14 Drawing Sheets
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1
SELF-ALIGNED BIPOLAR JUNCTION
TRANSISTOR HAVING SELF-PLANARIZING
ISOLATION RAISED BASE STRUCTURES

BACKGROUND

The present disclosure relates to transistors, and more spe-
cifically, to methods that utilize self-alignment processes and
epitaxial growth processes (and the resulting structures).

A bipolar junction transistor (BJT or bipolar transistor) is a
type of transistor that relies on the contact of two types of
semiconductor for its operation. One type of semiconductor is
formed with positive-type dopants, and is therefore referred
to as a P-type semiconductor; while another type of semicon-
ductor is formed with negative-type dopants, and is therefore
referred to as an N-type semiconductor. Bipolar junction tran-
sistors can be used as amplifiers, switches, or in oscillators.
Bipolar junction transistors come in two types, or polarities,
known as PNP and NPN, with the P and the N representing the
different doping types of the three main terminal regions
(collector, base, and emitter). An NPN transistor comprises
two semiconductor junctions that share a thin P-doped anode
region, and a PNP transistor comprises two semiconductor
junctions that share a thin N-doped cathode region.

SUMMARY

Exemplary methods herein form a collector region
between insulating shallow trench isolation regions within a
substrate and epitaxially grow a base material on the collector
region and the shallow trench isolation regions. The base
material forms a base region on the collector region and forms
extrinsic base regions on the shallow trench isolation regions.
Further, such methods pattern a sacrificial emitter structure
on the base region and form sidewall spacers on the sacrificial
emitter structure.

Then, such methods epitaxially grow raised base structures
on the base region and the extrinsic base regions. When grow-
ing the raised base structures, such methods first grow a first
layer of the raised base structures to have a first concentration
of doping material on the base region and the extrinsic base
regions. Then (potentially in a continuous process) the meth-
ods grow the upper layer of the raised base structures to have
a second concentration of the doping material on the first
layer of the raised base structures. The second concentration
of' doping material is higher than the first concentration of the
doping material.

When forming the sidewall spacers, such methods simul-
taneously form raised base limiting structures over portions
of'the extrinsic base regions that are distal to the base region.
The raised base structures extend on the extrinsic base regions
in a direction from the base region only to where the raised
base limiting structures are positioned (on the distal portions
of the extrinsic base regions). Thus, the raised base limiting
structures limit the size of the raised base structures (limit
how far from the base region the raised base structures extend
from the center of the base region).

The base region has an upper surface connected to the
sidewall spacers by an oxide. The upper layer of the raised
base structures is the surface opposite the location where the
raised base structures contact the base region (the upper sur-
face of the base region) and opposite the location where the
raised base structures contact the extrinsic base regions. The
sidewall spacers extend a first distance from the upper surface
of the base region and the raised base structures extend a
second (lesser) distance from the upper surface of the base
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region, such that the sidewall spacers are taller than the raised
base structures (when measured from the upper surface of the
base region).

Such methods then oxidize the upper layer of the raised
base structures. The oxidizing of the upper layer of the raised
base structures forms a planar isolation layer. The isolation
layer is generally parallel to the upper surface of the base
region. These methods then remove the sacrificial emitter
structure (including the underlying oxide) to leave an open
space between the sidewall spacers and to expose the base
region through the open space between the sidewall spacers.
This allows such methods to form an emitter within the open
space between the sidewall spacers that directly contacts the
upper surface of the base region. The emitter extends over the
sidewall spacers on to the raised base structures and the
isolation layer electrically insulates the emitter from the
raised base structures. Further, because the epitaxial growth
process of the upper layer of the raised structure (and later
oxidation) naturally forms the planar isolation layer, this
structure is sometimes referred to herein as self-planarizing
isolation raised base structures. These self-planarizing isola-
tion raised base structures also do not require any additional
processing (such as chemical mechanical planarization
(CMP)) to become planar; instead, the epitaxial process and
the oxidation process themselves create a planar surface with-
out any additional processing steps.

Such methods produce various integrated circuit structures
(such as PNP or NPN bipolar junction transistors). Such
integrated circuit structures include a collector region within
a substrate between insulator regions (shallow trench isola-
tion (STI) regions). An epitaxial base material is positioned
on the collector region and the insulator regions. This epi-
taxial base material comprises a base region on the collector
region and comprises extrinsic base regions on the insulator
regions. Further, an emitter is positioned on the base region.
The emitter has sidewalls perpendicular to the bottom surface
of the emitter that contacts the base region. The integrated
circuit structure includes sidewall spacers on the sidewalls of
the emitter.

In such structures, epitaxial raised base structures are posi-
tioned on the base region and the extrinsic base regions. The
raised base structures comprise a lower first layer on the base
region and the extrinsic base regions, and an upper layer on
the first layer of the raised base structures. Thus, the upper
layer of the raised base structures is opposite the location
where the raised base structures contact the base region and
the extrinsic base regions. The lower first layer of the raised
base structures has a first concentration of doping material,
and the upper layer of the raised base structures has a second
concentration of the doping material that is higher than the
first concentration of the doping material.

The integrated circuit structure further includes raised base
limiting structures on distal portions of the extrinsic base
regions that are distal to the base region. The raised base
structures extend on the extrinsic base regions in a direction
from the base region only to where the raised base limiting
structures are positioned on the distal portions of the extrinsic
base regions. Therefore, the raised base limiting structures are
positioned on distal portions of the extrinsic base regions to
limit the size of the raised base structures.

The base region has an upper surface connected to the
sidewall spacers by an oxide. The sidewall spacers extend a
first distance from the upper surface of the base region. The
upper layer of the raised base structures is generally parallel
to the upper surface of the base region. The upper layer of the
raised base structures extends a second distance from the
upper surface of the base region that is less than the first
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distance, such that the sidewall spacers are taller than the
raised base structures (when measured from the upper surface
of the base region). Further, the sidewall spacers have distal
ends extending a first distance from the upper surface of the
base region and the emitter extends a second (greater) dis-
tance from the upper surface of the base region. The emitter
extends over the sidewall spacers on to the raised base struc-
tures; however, the isolation layer electrically insulates the
emitter from the raised base structures.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments herein will be better understood from
the following detailed description with reference to the draw-
ings, which are not necessarily drawn to scale and in which:

FIG. 1 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 2 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 3 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 4 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 5 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 6 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 7 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 8 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 9 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 10 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 11 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 12 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 13 is a schematic diagram of a partially completed
integrated circuit structure according to methods and devices
herein;

FIG. 14 is a schematic diagram of a completed integrated
circuit structure according to methods and devices herein; and

FIG. 15 is a flow diagram illustrating embodiments herein.

DETAILED DESCRIPTION

FIGS. 1-14 illustrate an integrated circuit structure (e.g.,
bipolar junction transistor) in various processing stages; and
FIG. 15 is a flow diagram illustrating an overview of the
processing occurring in FIGS. 1-14. Beginning in item 400 in
FIG. 15, the processing herein forms a collector between
shallow trench isolation (STI) regions in a substrate. More
specifically, as illustrated in FIG. 1, exemplary methods
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4

herein form a collector region 302 between insulating shallow
trench isolation regions 304 within a substrate 300.

Generally, transistor structures are formed by depositing or
implanting impurities into a substrate to form at least one
semiconductor channel region, bordered by shallow trench
isolation regions below the top (upper) surface of the sub-
strate. A “substrate” herein can comprise any material appro-
priate for the given purpose (whether now known or devel-
oped in the future) and can comprise, for example, Si, SiC,
SiGe, SiGeC, other 111-V or II-VI compound semiconductors,
or organic semiconductor structures, etc. The shallow trench
isolation structures are well-known to those ordinarily skilled
in the art and are generally formed by patterning openings/
trenches within the substrate and growing or filling the open-
ings with a highly insulating material (this allows different
active areas of the substrate to be electrically isolated from
one another).

As illustrated in item 402 in FIG. 15, the methods herein
epitaxially grow the base region and the extrinsic base regions
from the collector and STI regions. More specifically, as
shown in FIG. 2, the methods herein epitaxially grow a base
material on the collector region 302 and the shallow trench
isolation regions 304. The base material forms a base region
310 on the collector region 302 and forms extrinsic base
regions 312 on the shallow trench isolation regions 304. In
one example, the epitaxial growth process can be a low tem-
perature epitaxial (LTE) growth process (typically at a growth
temperature ranging from 400° C. to 850° C.).

Epitaxial films may be grown from gaseous or liquid pre-
cursors. Because the substrate acts as a seed crystal, the
deposited film may lock into one or more crystallographic
orientations with respect to the substrate crystal. Therefore,
depending upon the structure of the shallow trench isolation
regions 304 and the collector region 302, the base region 310
can be structurally different than the extrinsic base regions
312. In the example shown in FIG. 2, the epitaxial growth
process produces more material above the collector 302,
because of the differences between the underlying shallow
trench isolation regions 304 and the collector 302.

As noted above, bipolar junction transistors are generally
either NPN or PNP semiconductor structures; therefore, the
polarity of the dopant in the collector 302 will be opposite the
polarity of the dopant used for the base material. For purposes
herein, a “semiconductor” is a material or structure that may
include an implanted impurity that allows the material to
sometimes be a conductor and sometimes be an insulator,
based on electron and hole carrier concentration. As used
herein, “implantation processes” can take any appropriate
form (whether now known or developed in the future) and can
comprise, for example, ion implantation, etc.

A positive-type transistor “P-type transistor” uses impuri-
ties such as boron, aluminum or gallium, etc., within an
intrinsic semiconductor substrate (to create deficiencies of
valence electrons) as a semiconductor region. Similarly, an
“N-type transistor” is a negative-type transistor that uses
impurities such as antimony, arsenic or phosphorous, etc.,
within an intrinsic semiconductor substrate (to create exces-
sive valence electrons) as a semiconductor region.

Also for purposes herein, an “insulator” is a relative term
that means a material or structure that allows substantially
less (<95%) electrical current to flow than does a “conductor.”
The dielectrics (insulators) mentioned herein can, for
example, be grown from either a dry oxygen ambient or steam
and then patterned. Alternatively, the dielectrics herein may
be formed from any of the many candidate high dielectric
constant (high-k) materials, including but not limited to sili-
con nitride, silicon oxynitride, a dielectric stack of SiO2 and
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Si3N4, and metal oxides like tantalum oxide. The thickness of
dielectrics herein may vary contingent upon the required
device performance.

As illustrated in item 404 in FIG. 15, these methods then
pattern a sacrificial emitter on the base region; and as shown
in item 406 form sidewall spacers on the sacrificial emitter
structure. More specifically, as shown in FIG. 3, such meth-
ods pattern a sacrificial emitter structure 322 on the base
region 310 and form sidewall spacers 326 on the sacrificial
emitter structure 322 (see FIG. 5 for the completed sidewall
spacers 326).

More specifically, as shown in FIG. 3, these processing
steps first form a conformal insulating layer 320 (such as a
deposited or oxidized material). Many different conformal
insulators could be utilized, including thermally oxidized
silicon. Thermal oxidation of silicon is usually performed at
atemperature between 800° C. and 1200° C., resulting in a so
called High Temperature Oxide (HTO) layer.

When patterning any material herein, the material to be
patterned can be grown or deposited in any known manner
and a patterning layer (such as an organic photoresist) can be
formed over the material. The patterning layer (resist) can be
exposed to some pattern of light radiation (e.g., patterned
exposure, laser exposure, etc.) provided in a light exposure
pattern, and then the resist is developed using a chemical
agent. This process changes the physical characteristics of the
portion of the resist that was exposed to the light. Then one
portion ofthe resist can be rinsed off, leaving the other portion
of the resist to protect the material to be patterned (which
portion of the resist that is rinsed off depends upon whether
the resist is a positive resist (illuminated portions remain) or
negative resist (illuminated portions are rinsed off). A mate-
rial removal process is then performed (e.g., plasma etching,
etc.) to remove the unprotected portions of the material below
the resist to be patterned. The resist is subsequently removed
to leave the underlying material patterned according to the
light exposure pattern (or a negative image thereof).

Thus, using such common lithographic patterning tech-
niques, the methods herein pattern the sacrificial emitter 322
and an overlying hard mask material, which is commonly
referred to as a cap 324. The processing steps used to pattern
the sacrificial emitter 322 and the cap 324 are not shown
because they are well known to those ordinarily skilled in the
art, and to maintain focus on the salient features of the meth-
ods herein. As would be understood by those ordinarily
skilled in the art, any appropriate material can be used for the
cap 324 and the sacrificial emitter 322, because eventually
both structures will be removed and will not be included in the
final integrated circuit device.

As also shown in FIG. 3, a conformal material 326 that will
eventually become the sidewall spacers of the emitter is
deposited over the structure after the sacrificial emitter 322
and cap 324 are formed. This conformal material 326 can be
any appropriate material, such as a nitride. In FIG. 4, a pho-
toresist 330 is formed using the processing discussed above.
Then, in FIG. 5, one of the selective material removal pro-
cesses discussed above is performed to remove portions of the
conformal layer 326. The structure shown in FIG. 5 illustrates
the device after the photoresist 330 has been removed. As
shown in FIG. 5, the only portions of the conformal material
326 remaining after the selective material removal process are
the sidewall spacers and conformal material above the extrin-
sic base regions 312.

Subsequent to the processing shown in FIG. 5, a similar
(but different) selective material removal process is utilized to
remove portions of the conformal insulating layer 320 that are
not covered by the conformal material 326 (as shown in FIG.
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6). In this example, the material removal process shown in
FIG. 6 selectively attacks the insulating layer 320 and does
not substantially affect the conformal material 326. Thus, as
shown in FIGS. 3-6, when forming the sidewall spacers 326,
such methods simultaneously form additional structures 320/
326 (which are referred to herein as “raised base limiting
structures™) over portions of the extrinsic base regions 312
that are distal to the base region 310.

For purposes herein, “sidewall spacers™ are structures that
are well-known to those ordinarily skilled in the art and are
generally formed by depositing or growing a conformal insu-
lating layer (such as any of the insulators mentioned above)
and then performing a directional etching process (anisotro-
pic) that etches material from horizontal surfaces at a greater
rate than its removes material from vertical surfaces, thereby
leaving insulating material along the vertical sidewalls of
structures. This material left on the vertical sidewalls is
referred to as sidewall spacers.

Then, as shown in item 408 in FIG. 15, such methods
epitaxially grow raised base structures on the base region and
the extrinsic base regions. More specifically, as shown in FI1G.
7, such methods epitaxially grow raised base structures 340/
342 on the base region 310 and the extrinsic base regions 312.
When growing the raised base structures 340/342, such meth-
ods first grow a first layer 340 of the raised base structures
340/342 to have a first concentration of doping material on the
base region 310 and the extrinsic base regions 312. Then
(potentially in a continuous process) the methods grow the
upper layer 342 of the raised base structures 340/342 to have
a second concentration of the doping material on the first
layer 340 of the raised base structures 340/342. The second
concentration of doping material is higher than the first con-
centration of the doping material.

As noted above, when forming the sidewall spacers 326,
such methods simultaneously form raised base limiting struc-
tures 320/326 over portions of the extrinsic base regions 312
that are distal to the base region 310. The raised base struc-
tures 340/342 extend on the extrinsic base regions 312 in a
direction from the base region 310 only to where the raised
base limiting structures 320/326 are positioned (on the distal
portions of the extrinsic base regions 312). Thus, the “raised
base limiting structures” 320/326 limit the size of the raised
base structures 340/342 (limit how far from the base region
310 the raised base structures 340/342 extend from the center
of the base region 310).

The base region 310 has an upper surface connected to the
sidewall spacers 326 by an oxide. The upper layer 342 of the
raised base structures 340/342 is the surface opposite the
location where the raised base structures 340/342 contact the
base region 310 (the upper surface of the base region 310) and
opposite the location where the raised base structures 340/
342 contact the extrinsic base regions 312. The sidewall spac-
ers 326 extend a first distance from the upper surface of the
base region 310 and the raised base structures 340/342 extend
a second (lesser) distance from the upper surface of the base
region 310, such that the sidewall spacers 326 are taller than
the raised base structures 340/342 (when measured from the
upper surface of the base region 310).

As shown in item 410 in FIG. 15, such methods then
oxidized the upper layer of the raised base structures. More
specifically, as shown in FIG. 8, these methods oxidize the
upper layer 342 of the raised base structures 340/342. In one
example, the oxidation process can be a high-pressure oxi-
dization (HiPOX) process, or other similar process. The high-
pressure oxidation process can be generally performed at
lower temperatures than normal oxidation processes (because
of the additional pressure utilized) and can use steam in the
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oxidation process. The higher doping in the upper layer 342 of
the raised base structures helps increase oxidation during this
oxidation processing. The oxidizing of the upper layer 342 of
the raised base structures 340/342 forms an isolation layer
350. The upper surface of the isolation layer 350 is flat (pla-
nar) and generally (within 5-20 degrees) parallel to the upper
surface of the base region 310.

The epitaxial growth process of the raised base structures
340/342 naturally forms a planar surface without additional
processing steps, and the subsequent oxidation process main-
tains this planar surface shape, thereby forming a planar iso-
lation layer 350 that does not need to be polished or pla-
narized. Therefore, these structures are sometimes referred to
herein as “self-planarizing isolation raised base structures.”
These self-planarizing isolation raised base structures 320/
326 do not require any additional processing (such as chemi-
cal mechanical planarization (CMP)) to become planar;
instead, the epitaxial process and the oxidation process them-
selves create a planar surface without any additional process-
ing steps.

As shown in item 412 and FIG. 15, the methods then
remove the sacrificial emitter and cap. More specifically, as
shown in FIGS. 9 and 10, such methods remove the cap and
sacrificial emitter structure 322 (including the underlying
oxide) to leave an open space between the sidewall spacers
326 and to expose the base region 310 through the open space
between the sidewall spacers 326. The material removal pro-
cesses used in FIGS. 9-10 can be continuous or separate
processes and are selective to the materials used for the cap
324, sacrificial emitter 322 and oxide 320; however, such
material removal processes are controlled so that they do not
substantially affect the conformal layer 326, the isolation
layer 350, or the material of the collector 302.

In item 414 in FIG. 15, the methods form the final emitter
structure. More specifically, as shown in FIG. 11, these meth-
ods form an emitter 360 within the open space between the
sidewall spacers 326 that directly contacts the upper surface
of the base region 310. This processing can deposit a pre-
doped material (in-situ doped material) or a material that is
first deposited or grown, and subsequently doped. Again, as is
understood by those ordinarily skilled in the art, the emitter
will have the same doping polarity as the collector (but will be
more heavily doped) and will have a polarity opposite that of
the base.

The various patterning processes discussed above are also
used here to limit the shape and size of the emitter 360. These
processes form the emitter 360, as shown in the drawings,
such that the emitter 360 extends over the sidewall spacers
326 on to the raised base structures 340/342. However, this
does not affect the performance of the device because the
isolation layer 350 electrically insulates the emitter 360 from
the raised base structures 340/342.

In FIG. 12 the same pattern used to form the photoresist
structures 330 can be used with an opposite type of photore-
sist to form photoresist 332. Then, selective material removal
processing is again used to remove the raised base limiting
structures 320/326, as shown in FIG. 13. In FIG. 14, the
photoresist 332 is removed revealing the final structure, that is
ready for overlying isolation layers and contact formation
processing well-known to those ordinarily skilled in the art.

Thus, as shown, such methods produce various integrated
circuit structures (such as PNP or NPN bipolar junction tran-
sistors). Such integrated circuit structures include a collector
region 302 within a substrate 300 between insulator regions
(shallow trench isolation (STI) regions). An epitaxial base
material is positioned on the collector region 302 and the
insulator regions. This epitaxial base material comprises a
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base region 310 on the collector region 302 and comprises
extrinsic base regions 312 on the insulator regions. Further, an
emitter 360 is positioned on the base region 310. The emitter
360 has sidewalls perpendicular to the bottom surface of the
emitter 360 that contacts the base region 310. The integrated
circuit structure includes sidewall spacers 326 on the side-
walls of the emitter 360.

In such structures, epitaxial raised base structures 340/342
are positioned on the base region 310 and the extrinsic base
regions 312. The raised base structures 340/342 comprise a
lower first layer 340 on the base region 310 and the extrinsic
base regions 312, and an upper layer 342 on the first layer 340
of the raised base structures 340/342. Thus, the upper layer
342 of the raised base structures 340/342 is opposite the
location where the raised base structures 340/342 contact the
base region 310 and the extrinsic base regions 312. The lower
first layer 340 of the raised base structures 340/342 has a first
concentration of doping material, and the upper layer 342 of
the raised base structures 340/342 has a second concentration
of the doping material that is higher than the first concentra-
tion of the doping material.

The integrated circuit structure further includes raised base
limiting structures 320/326 on distal portions of the extrinsic
base regions 312 that are distal to the base region 310. In some
designs, the raised base limiting structures 320/326 can be
retained in the final structure. The raised base structures 340/
342 extend on the extrinsic base regions 312 in a direction
from the base region 310 only to where the raised base lim-
iting structures 320/326 are positioned on the distal portions
of the extrinsic base regions 312. Therefore, the raised base
limiting structures 320/326 are positioned on distal portions
of'the extrinsic base regions 312 to limit the size of the raised
base structures 340/342.

The base region 310 has an upper surface connected to the
sidewall spacers 326 by an oxide. The sidewall spacers 326
extend a first distance from the upper surface of the base
region 310. The upper layer 342 of the raised base structures
340/342 is parallel to the upper surface of the base region 310.
The upper layer 342 of the raised base structures 340/342
extends a second distance from the upper surface of the base
region 310 that is less than the first distance, such that the
sidewall spacers 326 are taller than the raised base structures
340/342 (when measured from the upper surface of the base
region 310). Further, the sidewall spacers 326 have distal ends
extending a first distance from the upper surface of the base
region 310 and the emitter 360 extends a second (greater)
distance from the upper surface of the base region 310. The
emitter 360 extends over the sidewall spacers 326 on to the
raised base structures 340/342; however, the isolation layer
350 electrically insulates the emitter 360 from the raised base
structures 340/342.

The methods described above are used in the fabrication of
integrated circuit chips. The resulting integrated circuit chips
can be distributed by the fabricator in raw wafer form (that is,
as a single wafer that has multiple unpackaged chips), as a
bare die, or in a packaged form. In the latter case the chip is
mounted in a single chip package (such as a plastic carrier,
with leads that are affixed to a motherboard or other higher
level carrier) or in a multichip package (such as a ceramic
carrier that has either or both surface interconnections or
buried interconnections). In any case the chip is then inte-
grated with other chips, discrete circuit elements, and/or other
signal processing devices as part of either (a) an intermediate
product, such as a motherboard, or (b) an end product. The
end product can be any product that includes integrated cir-
cuit chips, ranging from toys and other low-end applications
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to advanced computer products having a display, a keyboard
or other input device, and a central processor.

While only one or a limited number of transistors are
illustrated in the drawings, those ordinarily skilled in the art
would understand that many different types transistor could
be simultaneously formed with the embodiment herein and
the drawings are intended to show simultaneous formation of
multiple different types of transistors; however, the drawings
have been simplified to only show a limited number of tran-
sistors for clarity and to allow the reader to more easily
recognize the different features illustrated. This is not
intended to limit this disclosure because, as would be under-
stood by those ordinarily skilled in the art, this disclosure is
applicable to structures that include many of each type of
transistor shown in the drawings.

In addition, terms such as “right”, “left”, “vertical”, “hori-
zontal”, “top”, ‘“bottom”, “upper”, “lower”, “under”,
“below”, “underlying”, “over”, “overlying”, “parallel”, “per-
pendicular”, etc., used herein are understood to be relative
locations as they are oriented and illustrated in the drawings
(unless otherwise indicated). Terms such as “touching”, “on”,
“in direct contact”, “abutting”, “directly adjacent to”, etc.,
mean that at least one element physically contacts another
element (without other elements separating the described
elements).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of'this disclosure. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the claims
below are intended to include any structure, material, or act
for performing the function in combination with other
claimed elements as specifically claimed. The descriptions of
the various embodiments of the present invention have been
presented for purposes of illustration, but are not intended to
be exhaustive or limited to the embodiments disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the described embodiments. The terminology used
herein was chosen to best explain the principles of the
embodiments, the practical application or technical improve-
ment over technologies found in the marketplace, or to enable
others of ordinary skill in the art to understand the embodi-
ments disclosed herein.

What is claimed is:

1. A method comprising:

forming a collector region between insulating shallow

trench isolation regions within a substrate;
epitaxially growing a base material on said collector region
and said shallow trench isolation regions to form a base
region on said collector region and to form extrinsic base
regions on said shallow trench isolation regions;

patterning a sacrificial emitter structure on said base
region;

forming sidewall spacers on said sacrificial emitter struc-

ture;

epitaxially growing raised base structures on said base

region and said extrinsic base regions in a process com-
prising:
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growing a first layer of said raised base structures with a
first concentration of doping material on said base
region and said extrinsic base regions; and

growing an upper layer of said raised base structures
with a second concentration of said doping material
on said first layer of said raised base structures,

said second concentration of said doping material being
higher than said first concentration of said doping
material;

oxidizing said upper layer of said raised base structures

without performing any planarization processing, said

upper layer of said raised base structures being opposite

a location where said raised base structures contact said

base region and said extrinsic base regions, said second

concentration of said doping material in said upper layer
of said raised base structures increasing said oxidizing;

removing said sacrificial emitter structure to leave an open
space between said sidewall spacers; and

forming an emitter within said open space between said

sidewall spacers.

2. The method according to claim 1, said base region hav-
ing an upper surface connected to said sidewall spacers by an
oxide,

said sidewall spacers extending a first distance from said

upper surface of said base region,

said oxidizing said upper layer of said raised base struc-

tures forming an isolation layer,

said isolation layer extending a second distance from said

upper surface of said base region,

said second distance being less than said first distance, and

said isolation layer electrically insulating said emitter from

said raised base structures.

3. The method according to claim 1, said removing said
sacrificial emitter structure exposing said base region through
said open space between said sidewall spacers.

4. The method according to claim 1, said forming said
sidewall spacers simultaneously forming raised base limiting
structures over distal portions of said extrinsic base regions
that are distal to said base region.

5. The method according to claim 4, said raised base struc-
tures extending on said extrinsic base regions in a direction
from said base region only to where said raised base limiting
structures are positioned on said distal portions of said extrin-
sic base regions.

6. The method according to claim 4, said raised base lim-
iting structures limiting a size of said raised base structures.

7. A method comprising:

forming a collector region between insulating shallow

trench isolation regions within a substrate;

epitaxially growing a base material on said collector region

and said shallow trench isolation regions to form a base

region on said collector region and to form extrinsic base
regions on said shallow trench isolation regions;

patterning a sacrificial emitter structure on said base
region;

forming sidewall spacers on said sacrificial emitter struc-

ture;

epitaxially growing planar raised base structures on said

base region and said extrinsic base regions in a process

comprising:

growing a first layer of said planar raised base structure
with a first concentration of doping material on said
base region and said extrinsic base regions; and

growing an upper layer of said planar raised base struc-
ture with a second concentration of said doping mate-
rial on said first layer of said planar raised base struc-
ture,



US 9,202,869 B2

11

said second concentration of said doping material being
higher than said first concentration of said doping
material;

oxidizing said upper layer of said planar raised base struc-

tures without performing any planarization processing,
said upper layer of said planar raised base structure
being planar at an end of said oxidizing, and said upper
layer of said planar raised base structures being opposite
a location where said planar raised base structures con-
tact said base region and said extrinsic base regions, said
second concentration of said doping material in said
upper layer of said planar raised base structure increas-
ing said oxidizing;

removing said sacrificial emitter structure to leave an open

space between said sidewall spacers; and

forming an emitter within said open space between said

sidewall spacers.

8. The method according to claim 7, said base region hav-
ing an upper surface connected to said sidewall spacers by an
oxide,

said sidewall spacers extending a first distance from said

upper surface of said base region,

said oxidizing said upper layer of said planar raised base

structures forming an isolation layer,

said isolation layer extending a second distance from said

upper surface of said base region,

said second distance being less than said first distance, and

said isolation layer electrically insulating said emitter from

said planar raised base structures.

9. The method according to claim 7, said removing said
sacrificial emitter structure exposing said base region through
said open space between said sidewall spacers.

10. The method according to claim 7, said forming said
sidewall spacers simultaneously forming raised base limiting
structures over distal portions of said extrinsic base regions
that are distal to said base region.

11. The method according to claim 10, said planar raised
base structures extending on said extrinsic base regions in a
direction from said base region only to where said raised base

limiting structures are positioned on said distal portions of

said extrinsic base regions.

12. The method according to claim 10, said raised base
limiting structures limiting a size of said planar raised base
structures.

13. A method comprising:

forming a collector region between insulating shallow

trench isolation regions within a substrate;
epitaxially growing a base material on said collector region
and said shallow trench isolation regions to form a base
region on said collector region and to form extrinsic base
regions on said shallow trench isolation regions;

patterning a sacrificial emitter structure on said base
region;
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forming sidewall spacers on said sacrificial emitter struc-
ture;
epitaxially growing planar raised base structures on said
base region and said extrinsic base regions in a process
comprising:
growing a first layer of said planar raised base structures
with a first concentration of doping material on said
base region and said extrinsic base regions; and
growing an upper layer of said planar raised base struc-
tures with a second concentration of said doping
material on said first layer of said planar raised base
structures,
said second concentration of said doping material being
higher than said first concentration of said doping
material and increasing oxidation during oxidizing of
said upper layer of said planar raised base structures;
said oxidizing of said upper layer of said planar raised base
structures in a high-pressure oxidization (HiPOX) pro-
cess, said upper layer of said raised base structures being
planar at an end of said oxidizing without performing
any planarization processing, and said upper layer of
said planar raised base structures being opposite a loca-
tion where said planar raised base structures contact said
base region and said extrinsic base regions;
removing said sacrificial emitter structure to leave an open
space between said sidewall spacers; and
forming an emitter within said open space between said
sidewall spacers.
14. The method according to claim 13, said base region

having an upper surface connected to said sidewall spacers by
an oxide,

said sidewall spacers extending a first distance from said
upper surface of said base region,

said oxidizing said upper layer of said planar raised base
structures forming an isolation layer,

said isolation layer extending a second distance from said
upper surface of said base region,

said second distance being less than said first distance, and

said isolation layer electrically insulating said emitter from
said planar raised base structures.

15. The method according to claim 13, said removing said

sacrificial emitter structure exposing said base region through
said open space between said sidewall spacers.

16. The method according to claim 13, said forming said

sidewall spacers simultaneously forming raised base limiting
structures over distal portions of said extrinsic base regions
that are distal to said base region.

17. The method according to claim 13, said planar raised

base structures extending on said extrinsic base regions in a
direction from said base region only to where said raised base
limiting structures are positioned on said distal portions of
said extrinsic base regions.
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